To evaluate the relationship between preoperative A1C and clinical outcomes in individuals with diabetes mellitus undergoing noncardiac surgery.
Diabetes mellitus is a known risk factor for postoperative complications including infection and mortality (1, 2) . Acute hyperglycemia during the perioperative period is also associated with poor clinical outcomes in patients with and without diabetes (3) . This relationship is well established for hyperglycemia on the day of surgery, within 24-48 h of surgery and during the entire hospital stay (4, 5) . Further, insulin infusion protocols designed to prevent hyperglycemia in the perioperative and postoperative period demonstrate improved surgical outcomes (6) . However, few studies have examined the relationship between preoperative A1C level and surgical outcomes. A study in patients undergoing coronary artery bypass surgery showed an association between high A1C values and surgical complications, including mortality, cerebrovascular accidents, and deep sternal wound infection (7) . However, high A1C values in cardiac surgery patients may be associated with more severe primary cardiac disease; therefore, these data are probably not applicable to noncardiac surgery patients.
Chronic hyperglycemia (high A1C) is clearly a predictor of long-term complications of diabetes and is the main target for glycemic control in diabetes (8) . It remains unclear whether chronic hyperglycemia has an adverse effect on surgical outcomes over and above acute perioperative hyperglycemia and whether standards of care that address elevated A1C levels prior to surgery would improve clinical outcomes. Because of a lack of data, arbitrary A1C cutoffs are used by surgeons, anesthesiologists, internists, and endocrinologists. This study was conducted to evaluate whether A1C has an impact on noncardiac surgery outcomes independent of perioperative blood glucose levels in patients with diabetes.
RESEARCH DESIGN AND METHODS
Data for this retrospective study were obtained from National Surgical Quality Improvement Program (NSQIP) database (9 2 ) were selected, with two control subjects matched for every one case patient wherever possible. The number of control subjects was less than twice the number of patients with diabetes due to limited availability. Charlson Comorbidity Score (CCI) was calculated from ICD-9 codes and used as an indicator of the severity of illness (10) .
Statistical Analyses
We designated hospital LOS as our primary outcome. The event rates for other surgical outcomes (infection, mortality, renal failure, and rehospitalization within 30 days) were too small in this data set for comprehensive analyses.
Population characteristics are presented as the mean 6 SD. Two group comparisons were analyzed using a Pearson's x 2 test for categorical variables and a t test (normal distribution) or Wilcoxon rank sum test (non-normal distribution) for continuous variables.
We compared clinical outcomes in the following five categories of patients: 1) healthy individuals (no diabetes); 2) diabetes with A1C #6.5%; 3) diabetes with A1C .6.5-8%; 4) diabetes with A1C .8-10%; and 5) diabetes with A1C .10%. Categories were based on health-care effectiveness data (11) and our own team's clinical judgment on the classification of diabetes severity. The main analytic approach was ANCOVA. A Dunnett test was used to account for multiple comparisons when comparing A1C groups to the control group. Since it is well known that low A1C values are associated with a higher risk of hypoglycemia (12) and patients with hypoglycemia have different hospital outcomes compared with those without hypoglycemia (13), we also evaluated the relationship between A1C and LOS after removing individuals with A1C #6.5% and using A1C as a continuous variable.
Linear regression analyses were performed to evaluate 1) the effect of diabetes status on LOS and 2) the effect of A1C on LOS. Covariates included in the linear regression models comprise age, sex, BMI, race (Caucasian, African American, and other), surgery type (vascular/nonvascular), CCI, smoking status, and glucose level on the day of surgery, and were chosen based on initial bivariate analyses that demonstrated their possible relationship with hospital LOS. Statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
There were 19,159 surgeries included in the NSQIP database during the specified period ( Fig. 1 ). Of these, 2,395 surgeries were performed on 1,775 unique patients with diabetes. Only 622 patients (35%) with diabetes undergoing a first surgery had an A1C level available within the 90 days before surgery. The distribution of individuals with missing A1C values was almost equal across racial groups. Among Caucasians, 73% had a missing A1C values, and among African Americans 71% had missing A1C values. After excluding patients who underwent same-day surgery, 449 were included in the final analysis.
Baseline characteristics of the diabetes group and the control group are shown in Table 1 . Patients with diabetes were more likely to be nonwhite and smokers, and to have undergone vascular surgery more often than subjects in the control group. As expected, patients with diabetes had a significantly greater number of surgical complications including death, infections, and hospital LOS. Regression analysis demonstrated that individuals with diabetes had significantly increased hospital LOS (P , 0.0001) even after adjustments for age, sex, BMI, race, smoking status, type of surgery (vascular vs. general surgery), CCI, and glucose level on the day of surgery.
Comparisons among A1C categories and the control group are shown in Table 2 . Individuals with A1C levels .6.5-8% had hospital LOS similar to the control group (P = 0.5). However, hospital LOS in individuals with A1C levels #6.5%, A1C .8-10%, and A1C .10% was significantly longer compared with the control subjects (P , 0.0001, P , 0.0001, and P = 0.02, respectively) and compared with individuals in the A1C .6.5-8% group (P , 0.001, P , 0.0.008, and P = 0.06, respectively). Individuals with A1C levels #6.5 and .8% (combined group of A1C .8-10% and A1C .10%) were associated with a significantly longer hospital LOS compared with control subjects and the A1C group .6.5-8% after accounting for multiple testing. There were no significant differences among other surgical outcomes (wound class, infections, renal failure, death within 30 days, and hospital readmission).
After removing high-risk individuals with A1C levels #6.5%, univariate regression analysis demonstrated that higher A1C values in patients with diabetes were associated with increased hospital LOS (P = 0.002). This relationship remained significant in multivariate regression analysis after adjustments for age, sex, BMI, race, smoking status, type of surgery, CCI, and glucose level on the day of surgery (P = 0.02) . Further, these relationships remained significant after removing individuals who died during hospitalization (P = 0.02). Higher A1C level was significantly associated with LOS when the analysis was conducted in Caucasians only (P = 0.04).
CONCLUSIONS
We conclude that A1C level .8% is associated with increased hospital LOS after surgery and that A1C is a predictor of hospital LOS independent of plasma glucose on the day of surgery. A1C level #6.5% is also associated with increased LOS. It is possible that the increase in LOS in the population with A1C levels #6.5% was related to the greater severity of their underlying illness, as suggested by their relatively higher CCI. They may also have had a higher incidence of hypoglycemia before hospital admission, but we do not have these data. This analysis is the first to demonstrate an independent relationship between chronic glycemic control and noncardiac surgery outcome in patients with diabetes. Hyperglycemia is associated with impaired neutrophil phagocytic activity, increased inflammation and oxidative stress, and poor endothelial function, factors that can potentially affect the healing process after surgical procedures (14-16). More severe and prolonged hyperglycemia is likely to cause more severe damage than acute hyperglycemia alone. One previous study (7) has shown poor clinical outcomes in relation to A1C levels in cardiac surgery patients. A study (17) in noncardiac surgery patients did not find a relationship between A1C level and surgical infections, but confirmed the relation between hyperglycemia and increased risk of infections. Other studies, focused on specific surgical procedures, demonstrate conflicting results. For example, high A1C level was shown to be associated with increased risk for wound infection and acute renal failure after gastric bypass surgery (18); however, no association between A1C level and any clinical outcomes was found in a smaller population of patients undergoing gastric sleeve surgery (19) . Among patients admitted to the hospital for wound closure, a high A1C level was associated with increased risk of wound dehiscence (20) . High A1C level has also been shown to be associated with increased morbidity after spine surgery (21), joint replacement (22) , and vascular surgery (23) . However, in these studies, data were not controlled for important factors like severity of illness and perioperative glycemic control; further, many studies did not evaluate the relationship between A1C and hospital LOS. Our study is different because we control for multiple risk factors, including blood glucose level on the day of surgery, and demonstrate a threshold A1C level above which the risk of complications increases.
As expected, patients with diabetes had poor clinical outcomes compared with the nondiabetic control group. The effect of diabetes on surgical outcomes has been shown in several studies (2, (24) (25) (26) . Higher rates of postoperative complications in patients with diabetes lead to increased resource utilization by this population and higher health-care costs. Thus, interventions targeted toward decreasing postoperative complications in individuals with diabetes may lead to improved surgical outcomes, more efficient utilization of health-care resources, and decreased health-care costs. However, it remains unclear whether these interventions should be targeted to all individuals with diabetes or focused on a subset of patients with poor glycemic control before surgery. Our study is of particular importance for clinical decision making in patients with diabetes undergoing elective surgery. Currently, focus is placed on single blood glucose measurements on the day of surgery or perioperative glucose control, because a clear relationship exists between acute elevations in blood glucose during and after surgery and surgical outcomes (3, 4) . Our results suggest that long-term glycemic control is a stronger predictor of hospital LOS, and this result is independent of blood glucose measurements on the day of surgery. Currently, there are no standards of care for optimal A1C level before surgery. (4) ,0.0001
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As a result, arbitrary cutoffs are used by various professionals. Some surgeons consider it important to lower A1C levels to the goals recommended by the American Diabetes Association (,7% for most patients) before elective surgery, while others consider it unnecessary because current evidence exists only for acute hyperglycemia. Our study suggests that an A1C level .8% may have an effect on surgical outcomes, specifically, increased hospital LOS, which represents increased morbidity and higher healthcare costs. In our study, A1C .10% seemed to have less significance because of the smaller number of individuals in this group. We think that an A1C level .8% can be used as a threshold for increased risk of complications after surgery until more data are available. The criterion for same-day surgery is expected hospital LOS ,24 h. Because hospital LOS was our primary outcome, we excluded subjects undergoing same-day surgery. However, A1C level ,8% may be appropriate for outpatient or same-day surgeries because of similar pathophysiological changes.
Our study also demonstrates that almost 65% patients with diabetes mellitus did not have an A1C measurement that was available within 3 months before surgery. This was surprising to us, but it highlights the issue, raised by others (27) , that glycemic control is inadequately addressed in the hospital setting in general. Apathetic attitudes toward diabetes may be the result of inadequate evidence on the benefits of glycemic control, lack of ownership, and/or nonavailability of diabetes care providers in most hospital settings. Incorporating algorithms to remind surgeons and anesthesiologists about A1C testing and targeted interventions by diabetes specialists to improve glycemic control in those individuals with A1C levels .8% could help to ensure that patients at high risk are identified, and are appropriately treated preoperatively and perioperatively.
Because of its retrospective nature, our study has several limitations. Our data were collected from a single site and our sample size was small, limiting the number of outcomes that we could evaluate. Further, because A1C levels or fasting plasma glucose levels for the nondiabetic group were unavailable, some of the control subjects may have had unidentified diabetes. However, if true, these individuals are likely increasing the mean hospital LOS of the control group, and removing these individuals would have increased the difference between the diabetes and control groups, demonstrating the robustness of our findings. Another limitation includes the use of blood glucose levels on the day of surgery as a surrogate for perioperative hyperglycemia. Blood glucose levels after the day of surgery instead of the day of surgery may alter the regression equation, and the relationship between A1C and LOS; however, since similar results for other surgical outcomes have been found with glucose measurements for both time periods (4), we doubt that our results would have differed. Moreover, most of our patients with diabetes are seen by the diabetes management team after surgery, and their glycemic control is fairly good and equivalent, irrespective of the preoperative glycemic control and A1C level. We did not study factors like socioeconomic status, level of education, or treatment adherence that can affect not only the A1C level but also surgical outcomes. Last, our study does not provide insight into whether lowering A1C levels before surgery will improve clinical outcomes over and above the control of hyperglycemia during hospitalization. It may be impractical for some patients to wait for the lowering of their A1C level before undergoing elective surgery, and, moreover, the required duration of lower A1C levels before surgery is unknown. Despite all of these limitations, we think these data are important because they provide guidance for the management of diabetes when patients can wait for elective surgery. Based on these data, our hospital has implemented changes in the preoperative evaluation protocol so that all patients with diabetes have their A1C level measured before elective surgery; if it is .8%, our diabetes team gets involved in the preoperative care of the patient. However, we are not recommending delaying surgery until more data are available.
In conclusion, this retrospective data analysis demonstrates that poor glycemic control with A1C levels .8% is associated with longer hospital LOS in individuals with diabetes who are undergoing noncardiac surgery. Larger multisite studies are required to evaluate other surgical outcomes (mortality, infections, renal failure, and rehospitalization). Further, prospective intervention studies are required to evaluate whether improving A1C levels prior to surgery decreases hospital LOS, improves surgical outcomes, and decreases health-care costs.
